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¥r 4^ ^£*fl ?]^X\B]^, ^&t\f§ TH^flAlEi SHf^H", -fr^, ^ # 

^-^i^S ^-^-SAi, ^Jf^o] ^nv^ ^ ^ofl P-^ £EH Sii- x Ge x 

nvo.^ ojs^^i m^lo]cf. p-tg ££E ^E] Si!- x Ge x ^ 450 "C °}-5}2\ ^-^H % 

A o V ^flS ^S^Lf, £E^r 500°C o^o^ %^^-7f 7>^*>7l nfl^-ofl ^*fl 600°C 

£ 7 
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y>£^ll 4i7><2] 7i3flX|&| ^ zl {Capacitor of semiconductor device and method 

for fabricating the same} 

£. l£r ^sfl MIS(Metal-Insulator-Semiconductor) ^sfl^B^l^ n -«g EES 

S. 2 ifl*l JE. 7£r 1 ^Alcflofl 4= MIS -TluflAlEi ^ ZL *flS«<H^ ^^*> 

5- 8-^ 2 ccj-s. MIM(Metal-Insulator-Metal) ^^fl^El ^ zz. *fl2: 

E 10^ ^<H1 n}^ ^Sj-^j. oU]*= £2e §e| Sio. 8 Ge 0 .2^r Sio. 5 Geo.5°fl 

51 ll£ nq-e}- ^3}-tr p-<8 £ = E Si 0 .8Geo. 2 4 Sio. 5 Geo.5°fi tfl 

*H 530°C<HH 30^- ^<L> l^e]* £*8tr ^ SEM A>^lo]rf. 

1. . .alE^l 7)^ 40...££B 

40a, 40a' .. .^Hf^ 50 , 50' . . .-fr^L^ 
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52...TiN^ 54... p-^ £1H Sii- x Ge x ^ 
60, 60 , ...# J ?-*R- 90. . .MIS tH^e) 
90' , 90". . .MIM ^3fl^lE^ 

i*>7fl sqjl ^ ^3flAlE^ ^^-^^sl -frJL^Sl #±?>\X) zle]i4 ^£^11 

Relief ^«fl vfl^l ^Hfl €■ -rr^l-lhfr £xr ^l^cfl A1 2 0 3 , Al 2 0 3 /Hf0 2 ^ -H 

^ e J^l, ^efl t]iHHe| #/*>-¥- #^5.^ ^}-§-^ ££B #e)^e]^ ^ 
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A >-§-*}^ SlS(Semiconductor-Insulator-Semiconductor) Ti^^lsH cfltijsfl ol-s-.g- z|z}- 
MIS(Metal-Insulator-Semiconductor) Tl^l^l, MIM(Metal-Insulator-Metal ) 7i 5fl a] e} a)-:n. *V 

Cf. C^H »^nV,.^ ^ # ^ Ol^-^^l 0>u|Ef n^o] ^tt^ ^O. 

<16> ZLE^ ; ^nV^ Ol^c^^l -^.h^o] %0-6\)^ ^AlZ|-( wet etch) , ^^(dry 

etch), -§-^(stress) ^ ^ ^-^7> ^^-Jl, wl^*J-o] nfl^-ofl <£-§; 

3tr *i ^(resistor layer) ^ -g-*fl7> °1 , *3H^ 

— l-^^Bl^^-^; *|-g-^- ^-f ^^e] -^51^ 600 °C ols>S. ?H c^^je.^ 

<i?> E 1^- #efl MIS TlsflAlE^oil^ £HH *^3r 1*1^ ^ 

^-ff ^^711 ^s^^l* Ji 0 ^^. £ 1<HH (a)^ TiN^# Af-g- 

B €^^e]^5V# o]^ui^ AjOjL^oj* a}-§-^ MIS ^^AlE-jo) ip4i^s. ^ o. 

M-^\H4. (b)^ , n-^ ££S #El^e]^-^ 530°C°1H LPCVD(Low Pressure Chemical 
Vapor Deposition) y o v ^^-^ ^f>}51 N 2 £-^7l<2] &\ furnace HH 600 °C , 30^-^ 
* ^*ltr £ isl (a)2f (b)S.^, %^s}- l*^* *3a}*V (b)^ ^^<H] ^f-g^Hr 

7> 3711 f7}5}o] ToxiE r>) ^ 1- ^ ^S*fl n-§-*>^ 5Utt n-^ £5. 
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H l-e^eis^ 1*1 e] 2£(600°C, 30 ^ 650 °C , 2^-e] ^)-§- <13 

(thermal budget )°1 ^ ^ 7fl^ ^.2.7} ^cf. 

<20> ^-71 7l#^ 3^ # ^^>7l >LKE^ TlsflAlE^, ti>£^ 

71^" ^Hl 7SsflA]Ei *Hf#^-, ^7] S.^. >S-ofl ^3 -S-^, ^ 

<21> ^-^ofl n^-s. ^7} 9] ^sflAlE^, tiV£S)l 7l ^ #ofl ^ ^ S) .2. 

Ol-O^ ^!Z\t§ ^ItflAjEi ^Hf*}^, ^-71 SB*-^ ^cMl -fr^l^, ^ ^"71 -B- 

^ -M p-^ £=B Sii- x Ge x tf^^M: X^tH}. 

<22> AV 7 ] ^ 7l^ ^^11- ^^>7l 4€- *KE*ll ^*>£) ^Sfl^l^ ^12: 

^^H^r, #5L*\) 71^- #ofl ^H^^M: #71 ^ 5. 

<2 #°fl ^^Sr #71 -f}-^ #<H1 P-^ £5S Sii- x Ge x ^-* £ 

3^*H p-^ £5B Sii_ x Ge x ^S ^l^-^^l #^3l^M- 
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aHa^^Mfe, ^-i^l 7}% ^l^-^^l ^fit:^ ^sflAjEi SHf 

Sii- x Ge x ^^^h§- ^^tb^. 

<24> o]2f ^o], THsflAlEi^ f^] p _tg ££e §e| Sii- x Ge x ^-^l 

rf. EES ^s] Sii- x Ge x ^ 450°C *\&c%X\ %s§3%& tftfls. 

SE^r 500 °C °1«HM %^$-7\ 7>^*>cf. i4^i, H*fl £HS 

♦ 500 °C tfli ^a1^ ^ nJ-sH, ^sflAlE^ ipA^^=. ^ ^^*>7fl 

Cf. ZLEiuj" £ ^Si 7}^1 Cf^- ^Hfll-S ^ aZ^, ^- ^ 

^3HH ^^-^<?1 7>Aj ^HX| ^ o. icf A|t^^ 7l ^ 

^H}^, ETgoflA^ j^o} ^AV ^o. ^ ^^g. 7j 2l f>} 7 ] $]f%X] 

4Aj-SL]^^l 5Jol^ > _£Tg Aj-oflAi ■S-^ S^l^ ^.^1^ ^-<U^ -2.^1- ^^)*b4. 

, ^ #°1 # S^r «KE*1] "Aj-"ofl oiq-e^-ji 7l*fl£]^ tJ-^I , ^ AJ-7I 

# #51*11 7l^ofl 3]^ 3#*H ^fl^ ^ 01 Jl, JEE^r, Zl Afol^l 321 7fl 

<26> 1 ^3aH1 
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-H A o >J f^°l p-^ £SS #3 Sii- x Ge x ^S ol^^l MIS ^ sfl a] e^ o] . 

^ £ 2» #2^, ^5^1 71^(1) ^ ^^^"(10)^: s>«- 

^(10)# SK£*fl 7l^;(l)^ ^(5)4 ^*Kr ^7fl2] ^ S] ZL( 15)# ^ 

^iM#eizi(i5) ^ ^ ^^(lO) ^ 0 H1 311- -i-^H i3s)-^A^ ^ 

^-(20)^- 4^-, BPSGCBoron Phosphorus Silicate Glass), PSGCPhosphorus 

Silicate Glass), PE(Plasma Enhanced)-TEOS(Tetra Ethyl Ortho Silicate) iE^ HDPCHigh 
Density Plasma)-^-s}-# #^-^5]-^(30)^- ^tb^. 

cf-i-^S £ 3°fl^i^- ^z}-^^-(20)^ tf^ol nfl^l ^-^Avsj.nvoo) o. 

*]ZHH 5flEi ( 30a)l- ^^*Vcf. o] nfl, ^2^*1 ev^o)^ <5>Jf ^^^(10)ol ^ 

*>b} ^^fEia(15) £ n ^^^-(10)21 aj-^o. ^(35) o. ig^c}.. 

^^AVsj.nv sflei(30a)^ <5pj^m ^^inv 2j|e}(20a)°l #^S}7fl £4. 

£ 41- #(35)-§- nfl^^l £ = H #e)^Bl^-B]-(40) 

* ^ W. °1 &| *V £HB #^^E^^bV(40)^- ^aflAlEi ^a.^^.ol B| o S a-] , 

^Hrtr CVD ALD( Atomic Layer Deposition)^ *&<%*k ^ 9X^. °fl?itfl, # 

#3 LPCVD U-^ #sl^£^-gr cf-g-, 3-J£* r 7l 3*fl ZL iflofl PH 3 5^§* 
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USG(Undoped Silicate Glass)^ ^ ^^^(45)^: *(35) vfl«-# nfl^tH}. 4^g- 

SL3., 3fl^(30a)^ ^o] ufl?}*] aV^ui- aflBJOOa) $H ^JgBj- 

(45)34 l-e]^^s^-(4 0 )^- ofl^l «q £fe CMPCChemical Mechanical Polishing)S *ll7itr 

^ *Hf^(40aH ^^t}. 

4^- AS. £ 6^1 5Jjzf ^o], ^^(45)4 l-^Vs}-^ 3flH(30a)^ ^ *)zj\2. 

3. all t1«H ^^q-(40a) H-e-IM-Tfl tf^-, zl a <H1 -^-^^-(50)* ^^tbcf. 

^5}-^, -R-3W50)* ^^*>7l *H £}^-*l^-(40a) S^^l NH 3 7>>i* oj-g- 

tb ^s^sK plasma nitridation) <1 ^Sj-^ 3 (thermal nitridation)# 

7]£ tM}. ^ej^l £]*fl ^^aOa) g.T&°)) 10-20 A ^£2] ^s}^- ^sj-^o] ^ 

€ 4 s °1 , °l^r ^^^-(40a)4 -fr^i^(50) A>o]ofl ^ £ oi^ aV-g-g. «o v *l tH}. 

-a-^^-(50)^sAi^ i-ch , ai 2 o 3 ^- Ai 2 o 3 /Hfo 2 •4^* 4 s <>1 

4 -8-^(50)^ ^^*}7] 5)*^^, #x}5LS.^o] C VD HL^ ALD# ^ oi 

4. ^-fofl^ #3]- 300 °C 7>?}oj S ^Tfl ^ ^ ^tgofl 
*\ -fre^tf. ^-^nv (50) ^ ^ 7la i m^ol 7 fl^£)5L^-, (50) ^ ^ ^s]«>fe # 
31* 3 ^« ^5. &t]-. s-o^ -H-^nV( 50 )ol ^jz)-^-^- o.^(0 3 ) AV^uf 

*l^7} S^HS 7}+ ^^\7}o\}^\ ^r^-^v} ^7} 7 j-^ £-^ 7 Hl^ 

£ 7ofl £Al*> 32). ^-o], o.^ni-(5 0) Aj-cH] #-¥-3i^(60)-g- ^^^Vcf. oj nfl , 
^^(60)^ TiN^(52)4 £ = 1 Si 1 - x Ge x ^-(54)^- ^f^o} ^^*bcf. 
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<35> uj^) f TiN^(52)^r CVDM- ALD, ^ M0CVD(Metal Organic CVDH1 £l*H *r 

TiN^ v (52) cflAiofl WN, TaN, Cu, Al SE^ W^* ^^*H3E ^sJjL, Pt , Ir, Ru, 

Rh, Os, Pd f-^ n<l##, oje^ ^#^2} ^sj-^-o.^. £)^ f TiN/W, TiN/TaN, WN/W 

<36> t^o.^., TiN*K52) *H p-<§ £ES #3 Si 1 - x Ge x ^-(54)# ^*HrHl, #e| Sii_ x Ge x 
^ v -§- ^^>^^i *Ul-?f-3. B» 5L^S^H B Sl^g ^^.^ BC1 3 B 2 H 6 * °l-g- 

« *r ^*fl LPCVD «o v ^l- *r S*^ afl^l (batch) « 0 V ^ ^ 

^l* °l-g-^ ^ Si^. #s oiA]-^- « 0 vai cflAio^ ^3 Sii- x Ge x ^" ^ ^ BS 5L^S*>^r 
¥ ^r^Ktwo step)5. H^SfiS. &t±. 
<37> o.^ Sii- x Ge x ^ SiH 4 , Si 2 H 6l SiH 2 C1 2 -f^ ^3131 7}>, ^ GeH 4 , GeF 4 ^ 

^ 7>i# db^r^ 7}+ 3, °l-g-f5H, 500 °C °]*}Sl ^r£, afl?ltfi 400-500 °C £rJ£, «r^- 

425°C <§^^cf. AJ^-ofl u l ^ ^ A o V ^S *8^# * %W 1*121*1 

^-5>7li4 ^^E-l tf^^ % ^sj- ^Bfls. ^^«flS. neUil ^^^<y TilW52) ^Hl 

f^sfb %°)2-S., Sii- x Ge x ^-5l ^ £.5.7} o}^ ^ Sii_ x Ge x ^£ ^^^S 

^^71 ^cf. ^7>>S] ^ ^ 425°C -¥-esl o|fE|ig 420°C<HH51 Sii- x Ge x ^ 

<38> Si2f Ge^l S^wK^, x )^ 7>>r -fHNIS ^ ^nf. o] a^l^ ^ 

^*M^r S>^1 0} 3^5= ^#o] ^S^] ^ S]5L^- ^£$1- ^1 ^Tfl 

^ ^ol ti>^-^srl-cf. <>)].§. 0.1<x<0.97> SlTfl tb^. Cl^- ti|-el-^§l-7Hl^ 0.2<x<0.6 
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°1 37fl, 7># w>^e>7ll^ x=0.57> S\7\] S^*Vcf. o}?,]tsV ^ a] ^ ^aj- ^51, a 

^ ^ f-S] ^^ofl^ %o] a>^-3]sr>cf. 

<39> Sii-xGex^Hl B» £^*Kr ^ al^-g- ^iL*>7l fl^^l^l, 51^ 

l>40 2 <Vcm 3 ol-y-o] j^Tl) fVcf. ^a|- ^ H7 > 400 °C °]*}S, ^SL*£ o]3f. o]^ ^ 
^-g- 7\Z\ 5L^ %^3H?lt)-. g^B] -£5i7> #Hfl<4 ^e) 500°C» & 

o}51 ^4. ^B^^UOa), -£-^(50) ^ ^^i^-(60)-g: 3E^Rr ?i sfl^l H-1 (90)7> 

500 °C o]s>^ ^l^^rf. 

<40> Sii- x Ge x Sl ^-f (melting point)°l ^^-4 ^7) m^ofl ^s)-, 

SJ^, %W ^ #3 3 ^a o v £ ^Ej^iLt} ^ -8r£<HH <H<H\+cK -g- 

^ o. oi^-§|.^ 7i^^ #s^^-s cflAid] P-^ £5B Sii_ x Ge x l- tf-f^ 

ofl ^-g-f-^M) ^ 500 °C ^ ^ oicf. 7§5L2) «1 ^ 

*)5L MIS tH^aIe^ ^-§- 3711 7fl^ ^ &tK 

<41> ^1 2 ^aHI 

<42> £. 8£r X] 2 ^HH nn^] ^ ^ ^2:^* ^^^V7l ^t»T 

Sii- x Ge x MIM Tl^AlE-joHs a]-g-^ ^ oi_g_o. ^ w 

<43> £ 8 ofl SAjSj ^3flAlEK90')^ *Hf^(40a ' ) °] ^nVo]^7 ^^^-(60) ol TiN^(52) 

4 p-^ #3 Sii- x Ge x ^-(54)^.S <>1 =0^4. ^^^-(40a' )€- *)U ^ ^ ofl ofl ^ <4 £ 

°1 3fl € $\°\) CVDM- ALD, M0CVDS. TiN^# ^^-*3: ^ ^SM^ ^ 
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9X^. *>^-^^-(40a')^] a>-§-^ ^ ^uvo_s_^ TiN^ ol^ofls. WN> TaN, Cu, W, Al ¥ 

3 Pt, Ir, Ru, Rh, Os, Pd ^ o}e^ TiN/W, 

TiN/TaN, WN/W ^ ^Bfls. ^ =-4? cpf^ ^-o] oicf. ^^^-(40a' o) ^ *V 
-§- ^>-g-^>^ -a-^^-(50')AS.Ai A1 2 0 3 ^, Al 2 0 3 /Hf0 2 °lsH-£, Hf0 2 /Al 2 0 3 ^# a}*^ 

<44> O]^ ^-O] ^£)if MIM 7^^(90')^ ^-f<^l£, 1 ^Aj^^A^ V}&7}X]3,, 7] 

#3 Ss^S^ cflAi^l £5B #3 Sii- x Ge x ^-(54)* -8^*1 ^Ml ^!^t^ ^ £ 

£1- 500 V o}*}3_ + oi^ ^o] oicf. 

<45> *\] 3 ^Hl 

<47> 5L 9°\}*\2\- ^o} > a o t-u.^^. (60I) o. ^ Sii- x Ge x ^ ^^A^ 

^cf. c^71a^ j £HB Sh-xGex^ x s] ^^7> 0.1<x<0.9<>l7lM-, ^4 

0.2<x<0.6^iq-. 

<48> o] ufl, ^a^OO")^ ^Hf^aOa'^sL^ £r %°] wV#^*>tf. 

2 ^aH«*1H ^4 ^-o], #4^^- TiN ol^cfls WN, TaN, Cu, W, Al , Pt , Ir, 

Ru, Rh, Os, Pd ^ o]^*l- a_v^-- > ^ TiN/w> TiN/TaN, WN/W -f-s) ^Bfl 
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<49> a. ^o\] 5&i£ ^ tfAfl^ ifl-g-^ ^3*1 ^^^11-1- ^7] 

°fl 7l7flS]^ ^ ifl-g-^ o] 7l# ^-o>ofl^ 7,}o]ul ^*0>) 7l#^O.S -fr^ ^ SX^ 

<50> ^Igofl 1 

<51> M. ^ ^sflA)^^ ^7j^O S A]~g-*}7l OjAl^. £2E ^ Sil- x Ge x ^ 

# ^s}^. -^-^nV <$o\) ot X Torr ol^o^ oj-ejjjj. 425t:Sl ^S^H 3J]U|>1 Ej-<y 

ol-g-tb LPCVD HJ-^-S-S. #5] Sii- x Ge x BM: ^^>^^ , <£a}J= «J-a1o.S B 5^§-§: ^ 
^^tf. °1 ^, 7^3.^ SiH 4 sf GeH 4 » *]--§- SV^JL B BC1 3 » ^}-§-<=r> 

, 5L^§ ^5^!r l>10 2 Vcm 3 ^£5. *>S^-. Sii- x Ge x ^]^ x&<>l 0.2^ 0.57> £] 

^ ^ ^, Sio.sGeo.2^ Sio. 5 Ge 0 .5^ ^ ^1 ^*V534. ^4 ^1^71 ^ 

^ n-*g tlSfE] ^^^e|-g; 530°C*1H f^}£cf. 51^ PH 3 # o] 

JL 5L*8 ^-E^ 3>1020/cm 3 ^.£5. ^tf. ^€ <^1^- p-^ £HS Sii- x Ge x ^^ n - 

<52> [S. 1] 







p-<§ £5S 










^"^ BPO\8Ko.5^ 




530 


425 


425 






1955 


237.8 


s]i ^ ^el- 




981 


110.1 I 


's 




1547 


128.0 



Sii- x Ge x ^Ml 105°C^ ^ ££ofl>H ^^s\^o\]S. #^>J1 ^*J-oj ^ *V7il# 
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^^S. ZLofl til3r>o^ ^ ^ofl 4= o]Al^- ££E ^ Sio.sGeo^^ 

P-^ S.— — §3 Si 0 . 5 Ge o.5^ ^i^-i- ^-^q-. ^-^1 Ge^ <#o| ^tfl 

3 £-3. ^ Sio. 5 Ge 0 .5^ ^-Mfe 425°C2] ^^}J1 ^SL°) <t*i^l- *W 

l28Q/square $\°] , tH^a^ ^^ofl oj-g-^l ^ ^ 

<54> ^ofl 2 

<55> £ ^ ^3flA]E^ ^Uf^O.^. A>-g-^r>7l ^ *H , "fr^ $H TiN^ ^ ZL 

*H #3 Si!- x Ge x ^ ^^>^^ °J^5L B S-^^r ^lsH p-^ £ = H #3 Sii- x Ge x ^ 
# ^^S^. Sii- x Ge x ^ ^ 1 Torr °1*>£| <y-^^ 42 5°C^ ^£0^ 3]^^ 

E}<y ol-g-*V LPCVD ^}5S^I, ^ofl ^<a*>7fl 

5icf. cfn> o]a1^ a.^ Sii- x Ge x ^-^l *>\i TiN^" $H1 3* 

^^VSt^. -g- t^*)- ^efl^ n-^ H = H#e^ ^^ D -|£ TiN^ $H 530 

°C°1H ^sv^^cf. -a- ^ofl 4^. oU]*= £ s B ^ Sii- x Ge x ^Ml tflslW^ 

QttJi, ^efl^ n-^ 5L^B#e) ^el^-^Hl tfl*IH^- ^ 

<56> 
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n 2003/11/20 



IS. 2] 













LPCVD 




Till 1 A d Ol A-) 




^M^gft ^"1 




^'^25 1 u ri 




10 


19 


27 




180 


94 


66 




X 


550 "C 30 


580 r 30 


600 1: 10 


X 


X 




100.5 


9976 


7?T2 


3278 


137.9 


61.9 




79.8 


80.2 


71 


31.1 


112.7 


57.0 




89.5 


87.3 


72.4 


31.9 


128.0 


59.8 



<57> #7] S 2oflA^ ^-o], Sio.sGeo.2^ ^ ^3" 19A/£-iUL ^7>£1&J1 

Sio.sGeo.s^ ^ ^5Lfe 27A/-&A5. ^7>£]^cf. , igOOA ^£ ^ <g 

71 fl*H t Sio. 8 Ge 0 .2^ 94^- Sio.sGeo.s'?! ^ *l*b8: 66^- ^ 

JE7> ^^>«cf. #efl ^-M^r ^£7} lOA/g- «1£ 

el Sii- x Ge x eM- ^}-§-W£ ^ a| #o] tfl^ 5)0.5. ^tfl^t}. 

<58> JE^ 3§ 7 > ^3.^, Si 0 . 5 Geo.5^ 1^ «^ ^ *>*1 

^efl 5L^.H#e^ ^e^-g- 580 °C ^1^1 30-g: 1^5] 27^ 600 "C^H 10£- 1^3*} 
^ Si^r til^^V ^ <£ ^ o]<% Qo], a s V^o) 

o]^- ofl^ ^-J£ 7 > 425 £\*\S. %^^7> H)^ 7lcfl^- ^ c£ 

JlJELS, ^Eflofl 105°C ^57 ^ ^ £57^ ^ ^n}. rc^i, ^ «^ofl 
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